Abstract. We consider the problem u, U,,x + b (u(x, t)), 0< x < L, >0; u(0, t) u(L, t)=0; u(x, O) ut(x, 0)=0. Assume that b (-oe, A) (0, ee) is continuously differentiable, monotone increasing, convex, and satisfies lim,_.a-b(u)= +ee. We prove that there exist numbers L1 and L2, 0<L1 <=Lz such that if L > L2, then a weak solution u (to be defined) quenches in the sense that u reaches A in finite time; if L < L1, then u does not quench. We also investigate the behavior of the weak solution for small L and establish the local (in time) existence of u.
L > L2, then a weak solution u (to be defined) quenches in the sense that u reaches A in finite time; if L < L1, then u does not quench. We also investigate the behavior of the weak solution for small L and establish the local (in time) existence of u.
1. Introduction. In [3] , Kawarada Whenever (B) occurs, Kawarada says that u quenches in finite time. We shall say that u quenches if (A) occurs. This is a weaker definition than Kawarada's.
In [1] and independently in [6] it was established that there is a numbe'r L0 such that if L > Lo, u quenches in finite time while if L < Lo, u tends monotonically to the smaller of the two solutions of the stationary problem Although we do not have any physical application in mind, we believe the study of problem (W) to be of theoretical interest. Since parabolic equations are in some sense on the borderline between elliptic and hyperbolic equations, it is of interest to know which of the properties of their solutions are possessed by solutions of the other two types of equations and what form the properties take in these cases. For example, the maximum principle for parabolic equations has a stronger version for elliptic equations and a much weaker version for hyperbolic equations. See [9] and references therein.
The first result we obtained on this problem is contained in Theorem 3.2. For this problem it says that if L > L1 1.418 ., then u quenches (reaches one) in finite time.
Since L I<L0, we conjectured that for any L>0, u must quench in finite .time. However, when (W) was solved numerically for small L, the results obtained seemed to contradict this conjecture.
Guided by the numerical results, we were able to show that if L < 1.238, then u _-< 0.7732 for all time. That is, if L is small, u cannot quench, even in infinite time.
This result is contained in Theorem 4.1.
Because for problem (W) we do not have as useful a maximum principle available, the arguments we use are much different than those used for the parabolic problem.
Rather than studying problem (W), we treat the somewhat more general problem (W').
u,=uxx+eo(u(x,t)), 0<x<l, t>0, e>0. We then summarize our results for (W') as follows: There exist two numbers ex, E2, 0< E1 E2 < d-00 such that if e < el, U(X, t; e) (the solution of (W')) cannot quench. If e > e2 then u (x, t; e) quenches in finite time. We do not prove E1 E2, although we believe this to be the case. The numerical results indicate that this is so for (W) and that LI--x/'l /2--1.365"' ". Also, we believe that if e ex e2, then u quenches in infinite time.
The plan of the paper is as follows: In 2 we define the notion of a weak solution which we shall use in the sequel. We establish local existence there also. In 3 we show that if e is "large" u quenches in finite time whereas in 4 we show that if e is "small", u cannot quench at all, even in infinite time. In 5 we discuss the behavior of u as 
(v) The total energy associated with (W') is conserved, i.e.,
We One still has to deal with the strange nonlinearity and the boundary conditions however.
We proceed as follows: Let 6 (0, 1) be fixed. Consider the problem (W') with nonzero initial data u, Uxx + eq(u(x, t)), 
In view of the definition of F, this map is well defined. It is then easy to check that (2.4) I l l U Ullll < aG, u(x, t)=-F(r, x + t-cr, u(cr, x + t-cr)) dr [5] . We repeat them here for completeness and because the class of nonlinearities here is different from that considered in [5] . H(x) =-r -+edP(x), -oe<x <A. Thus tF'(t) is differentiable and hence so is F'(t). Therefore t211 /o tF"(t) + F'(t) F'(t) -cos (rx)u(x, t) dx + t sin (x)(u(x, t)) dx, so that, after integration by parts,
The use of Jensen's inequality yields f"(t) >--r2F(t) + eq(F(t)) =-H'(F(t)).
Since F"(0) -> eq (0) > 0 and F(0) F'(0) 0, we have F'(t) > 0 and F(t) > 0 on some interval (0, r/). Therefore, on this interval 1/2(F'(t)) 2 
>_-H(F(t)).
From this it follows that F' cannot change sign so that F(t) ( 
Since, in ( It is fair to ask whether one could improve the arguments involved in This fact has been observed numerically. That is, we observed numerically that for small e, u was. not only bounded away from one but also was oscillatory. This seemed surprising in view of our (mistaken) belief that since u quenched in finite time for L's less than L0, u would quench in finite time for all L > 0.
Finally, we make the following observations" We can extend the results of the paper to the case of nonzero, appropriately restricted initial data. Furthermore it is possible to obtain analogous results in higher dimensions, at least in so far as 3 and 4 are concerned since only PoincarG's inequality and the positivity of the first eigenfunction for the membrane problem are used. Preliminary calculations indicate that results along the lines of this paper and those in [1] , [6] may be possible if the nonlinearity appears in the boundary condition. The second author is currently investigating this possibility.
